A tough nut to crack
Hormonal modulation of salt balance and blood volume is an indisputable truth in physiology. But does it play a critical role in hypertension? Genetic evidence certainly supports the possibility that it can. In humans, rare genetic disorders of salt transport in the kidney have been shown to be responsible for several forms of hyper-and hypotension including Liddle, Bartter, and Gitelman syndromes (reviewed in ref. 3) . Nevertheless, there's no clear evidence to date that the same genes that cause these disorders play a significant role in essential hypertension. But wait, maybe we just need to do a better job of subclassifying patients and regulating their diets when we do genetic screens. As an alternative and presumably simpler approach, animal models have been used. In the early 1960s, Dahl and colleagues reported that they had bred rats characterized by a salt-sensitive form of hypertension (4). These rats have been the subject of hundreds of research studies aimed at defining the genes and proteins responsible for salt-sensitivity. In spite of the fact that genetic heterogeneity and diet can be taken out of the equation with this approach, as of 3 years ago 24 chromosomal regions spread over 19 chromosomes had been found to contribute to hypertension in rats (5) , with at least 8 of these regions having effects on blood pressure in the Dahl salt-sensitive strain. It now seems clear that although this approach still holds promise to uncover new targets in hypertension, it's anything but simple. This is where the ability to knockout genes in mice comes in handy. In the current issue, Ni et al. show that mice having an impaired ability to make γ-melanocyte-stimulating hormone (γ-MSH) exhibit salt-sensitive hypertension (2) .
γ-MSH is a small peptide hormone that is clipped out of the middle of the larger protein precursor proopiomelanocortin (POMC) by prohormone convertase 2 (PC2) (Figure 1 ). Expression of POMC in the pituitary gland results in the release of several hormones, including the melanocortins, into the circulation while its expression in the hypothalamus and brainstem leads to production of melanocortinergic neurotransmitters. In normal mice, γ-MSH increases in the circulation when the animals are placed on a highsalt diet. In contrast, in PC2-knockout mice γ-MSH does not increase and the mice develop hypertension. Of course this alone would not constitute strong evidence for the role of γ-MSH since PC2 is involved in generating a lot of other peptide and protein hormones including insulin, glucagon, and somatostatin. However, the authors also show that the hypertension seen in the high-salt-fed PC2-knockout animals can be corrected by administration of a synthetic γ-MSH analogue and that the same results are seen in mice in which the γ-MSH receptor, melanocortin receptor 3 (MC3-R), is knocked out. So why hasn't γ-MSH been implicated in salt-sensitive hypertension until now? Part of the reason is certainly the multitude of neuroendocrine signals mediated by the other peptides produced along with γ-MSH when POMC is processed (Figure 1) , making it hard to isolate γ-MSH-specific actions in a physiological setting. In fact, 5 receptors have been identified to date -MC1-R, MC2-R, MC3-R, MC4-R, and MC5-R -for the melanocortin hormones alone, with more possibly to come. These receptors have a broad tissue distribution and they mediate a range of physiological responses depending on their location. These include: (a) pigmentation (MC1-R); (b) modulation of corticosterone levels (MC2-R); (c) appetite suppression and metabolic activation (MC4-R); (d) thermoregulation and water repulsion (MC5-R); and (e) inflammation (MC1-R and MC3-R). It's easy to imagine that several of these responses might have masked or complicated the analysis of blood pressure effects of γ-MSH.
Does this mean that γ-MSH is the cause of salt-induced hypertension in humans? Not by a long shot! The knockout of other mouse genes, including those for atrial natriuretic peptide (6) and its receptor (7), the prostaglandin receptor EP2 (8) , and the bradykinin receptor (9) , also leads to salt-sensitive hypertension. However, none of these as yet has been linked to the condition in humans. Moreover, the existence of γ-MSH in humans is still a matter of some debate. Nevertheless, the possibility that hormones with both central and peripheral actions like γ-MSH could cause our salt-sensitivity to fluctuate is an attractive hypothesis to test in a field where salient explanations are scarce.
